Background: As the number of CAG repeats in the androgen receptor (AR) gene increases, transcriptional activities decrease and the effects of testosterone decline. In this study, we evaluated the importance of the CAG repeat polymorphism in regard to the effect/safety of testosterone therapy in hypogonadal Korean men. Methods: The number of CAG repeats was determined in 42 hypogonadal men who underwent testosterone therapy for more than 24 months between December 1999 and August 2007. Body mass index, lean body mass, body fat, bone mineral density, type I collagen N-telopeptide (NTx), osteocalcin, lipid profile, hematocrit and PSA levels prior to and after 24 months of testosterone therapy were identified in our medical record review. Results: Twenty-four months of testosterone therapy increased lean body mass, hematocrit, and PSA levels and reduced body fat, NTx, and HDL cholesterol levels. The mean number of CAG repeats in the AR gene was 23 ± 3 (range, 15-29) in hypogonadal Korean men. The number of CAG repeats was not found to be associated with changes in lean body mass, body fat, NTx, HDL cholesterol, hematocrit, or PSA levels during testosterone therapy. Conclusions: No association between the number of CAG repeats in the AR gene and the effect/safety of testosterone therapy was detected in hypogonadal Korean men. (Endocrinol Metab 26:225-231, 2011) 
INTRODUCTION
The effects of testosterone are mediated by the androgen receptor (AR). The AR gene is located on Xq11-12 and consists of 8 exons. There are CAG repeats in the N-terminal of exon 1 of the AR gene. The number of CAG repeats has polymorphism ranging between 19 and 25 in Caucasian men [1] [2] [3] . It has been demonstrated that the number of CAG repeats in the AR gene inversely correlates with transcriptional activities [4] . Patients with Kennedy's disease have extreme CAG repeat lengths (> 40) and show androgen insensitivity [5, 6] . The association between the number of CAG repeats and testosterone effects has been investigated with conflicting results. In healthy men, the CAG repeat length has shown positive correlation with body fat and high-density lipoprotein (HDL) cholesterol and negative correlation with triglyceride [3, 7, 8] . The CAG repeat length has been reported to have an association with serum testosterone level [8, 9] , impaired spermatogenesis and male infertility [10, 11] . However, some studies have suggested that the number of CAG repeats has no association with height, weight, waist circumference, body fat [2, 8, 12] , lipid profile [2] or serum testosterone levels [7, 13] .
In hypogonadal men, testosterone replacement improves sexual function and quality of life, decreases body fat and increases lean body mass and bone mineral density (BMD) [14] [15] [16] [17] . Based on the fact that CAG repeats are associated with testosterone effects, it is conceivable that the CAG repeat polymorphism can have an effect on testosterone therapy in hypogonadal men. Previous studies have reported that CAG repeat length is associated with increased hema-tocrit and benign prostate hyperplasia (BPH) risk -an adverse effect of testosterone therapy in hypogonadal men [18, 19] .
The aim of this study was to investigate the association between the number of CAG repeats and the effect/safety of testosterone therapy in Korean hypogonadal men.
MATERIALS AND METHODS

Patients
This is a retrospective study. Forty-two patients who were diagnosed with hypogonadism and had testosterone replacement therapy at Seoul National University Hospital between December 1999 and August 2007 were included. The mean age of the patients was 45 years (range, 
Biochemical analysis
The results of blood samples before testosterone therapy and at the 12-month and 24-month follow-up were identified by our review of the medical records in terms of testosterone, total cholesterol, triglyceride, HDL cholesterol, hemoglobin, hematocrit, prostate-specific antigen (PSA), serum osteocalcin and urine type I col- CAG repeats were determined using Spearman's correlation. SPSS (version 15.0; SPSS, Chicago, IL, USA) was used for all statistical analyses. A P value of < 0.05 was considered statistically significant.
RESULTS
The mean oral testosterone dosage used was 160 mg/day. Neither final dosage of testosterone nor cumulative dosage of testosterone showed the correlation with the number of CAG repeats (r = -0.092, and PSA before and after testosterone therapy are shown in Table 1 .
BMI did not change during testosterone therapy. However, mean lean body mass increased from 51.7 kg before testosterone therapy P value < 0.01. BMI, body mass index; DXA, dual energy X-ray absorptiometry; BMD, bone mineral density; NTx, type I collagen N-telopeptide; HDL, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; PSA, prostate-specific antigen. The mean number of CAG repeats was 23 ± 3 (range, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] .
Baseline characteristics were assessed according to the number of CAG repeats (Table 2 ). There were no significant differences in parameters except BMI between the quartile groups. BMI showed a significant increase as the number of CAG repeats increased (P < 0.05).
We evaluated the associations between the number of CAG repeats and lean body mass, body fat, NTx, HDL cholesterol, hematocrit or PSA, all of which showed significant changes after testosterone therapy. The number of CAG repeats was not correlated with changes in lean body mass, body fat, NTx, HDL cholesterol, hematocrit and PSA during testosterone therapy ( Table 3) . As the number of CAG repeats in the AR gene increased, HDL cholesterol decreased at 12 months (r = 0.350, P = 0.031), but the difference was not statistically significant at 24 months. Changes in lean body mass, body fat, NTx, HDL cholesterol, hematocrit and PSA during testosterone therapy with reference to the quartiles of the CAG repeats did not show any significant differences (Fig. 1) .
DISCUSSION
In this study, 24 months of testosterone replacement therapy increased lean body mass, hematocrit and PSA, and decreased body fat, NTx and HDL cholesterol. The results of this study correspond with those of previous studies which reported that testosterone therapy improves lean body mass and body fat, but the effects of testosterone therapy on BMI were not consistent [17, 22] . While NTx decreased continuously during testosterone therapy, BMD did not improve in this study. This may be explained by the fact that BMD was measured only in 26 patients (62%) at 12 months and in 19 patients (45%) at 24 months and that the follow-up duration was short.
The number of CAG repeats in the AR gene is known to differ between ethnic groups. The mean of the number of CAG repeats in Asians was 22-23, and it was slightly higher than that in Caucasians [23, 24] . In the present study with Korean men, the number of CAG repeats was similar to those of previous report [24] .
Testosterone therapy improves sexual function and quality of life, and it increases lean body mass and BMD. However, it can increase hematocrit and the risk of prostate cancer or BPH. If there is a factor which can predict the effect and adverse reactions of testosterone, it can give useful information to decide on testosterone therapy in hypogonadal patients. Zitzmann and Nieschlag [18, 25] have documented that the number of CAG repeats in hypogonadal patients is associated with increased hematocrit and risk of BPH. Therefore, we investigated the association between the number of CAG repeats and the effect/safety of testosterone therapy in Korean hypogonadal men. However, it has been demonstrated that the number of CAG repeats is not associated with changes in lean body mass, body fat, NTx, HDL cholesterol, hematocrit and PSA during testosterone therapy. There was no association even when the patients were divided into 4 quartiles according to the number of CAG repeats. One reason for the discrepancy between Zitzmann's report and ours may be the difference in study subjects. In our study, most subjects had secondary hypogonadism in contrast to Zitzmann's study which include subjects with primary hypogonadism as well as those with secondary hypogonadism. Some patients with secondary hypogonadism may have both hypogonadism and another hormone deficiency. In this study, about 70% of patients took glucocorticoid or levothyroxine due to hypopituitarism. Glucocorticoid can increase body fat, cause weight gain and reduce bone density.
However, there were no significant differences between glucocorticoid users and nonusers in changes in BMD during testosterone therapy (data not shown). Second, the number of CAG repeats was different (21 ± 4 [range, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] vs. 23 ± 3 [range, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] ), which may be due to a racial difference. Another reason may be the difference in study methods. We only measured PSA, while previous studies used ultrasonography to assess an increased risk of BPH [18, 19, 25] . In Zitzmann's study, the number of CAG repeats was associated with PSA, but not with prostate volume [18] . However, conflicting results have been reported about the association between the number of CAG repeats and BPH [26] . Furthermore, controversy exists regarding the association between testosterone therapy and prostate-related events such as BPH and prostate cancer [27] . Therefore, additional studies are needed to determine the association between the number of CAG repeats and BPH or prostate cancer.
This study has clinical implications in that it is the first study performed in Asia to investigate the importance of AR gene CAG repeat polymorphism in the effect and safety of testosterone therapy.
However, this study has some limitations. First, the number of subjects was small and follow-up duration was relatively short. Second, the dosage of oral testosterone used was different between patients and serum testosterone levels were lower than normal, although serum testosterone levels increased after testosterone therapy. This suggests that testosterone may be insufficient. However, because oral testosterone has a short duration of action and the bioavailability of oral testosterone is greatly affected by food, serum testosterone lev-http://www.enm-kes.org els can be low even in optimal dosage [28, 29] . The serum testosterone level is known to reach a peak 2-6 hours after administration of oral testosterone and return to baseline within 24 hours [29] .
In conclusion, the results of this study suggest that the number of CAG repeats may be not associated with changes in lean body mass, body fat, NTx, HDL cholesterol, hematocrit and PSA during testosterone therapy.
